Introduction
Because of the importance the logistics system, the choice of distribution path will affect the efficiency, cost and user satisfaction of the system directly. The goal of logistics system is to put in the least cost to complete the distribution target and meet the customer's requirements" [1] .With the development of network technology and the "integrated transport", the distributition pattern "warehouse -> single customer -> warehouse," has been replaced by some other efficient patterns [2] . The core problem to realize such new pattern is vehicle scheduling, whose goal is to select the appropriate delivery vehicles and the best path to spend the lowest transportation costs. Large number of customers cause too many feasible solution to use the method of "brute-force" in an acceptable time frame, so it is impossible to obtain the optimal solution [3] . Such problems are vehicle scheduling problem (VSP) [4] .
Vehicle scheduling problem and its constraints
VSP is based on the complete undirected graph G = (V, A), where V = {v 0 , v 1 , ..., v n }, on behalf of a set of vertices; A = {(v i , v j ) -v i , v j ∈ V, i ≠ j}, on behalf of a collection of line segments connecting two vertices, which is the edge set. Vertex v0 is distribution center and the others are customers point. A non-negative cost matrix C = {c ij } could be defined on A , where cij is on behalf of the running costs from the customer point i to point j ,and c ij = c ji [2] . Figure 1 shows the single-line delivery model of 10-customer-point and the new distribution model line, where the rectangle represents the distribution center and the circle represents the customer point.
There are some constraints to solve the vehicle scheduling problem as follows:
(1) The sum of each customer's demand on the distribution path of the vehicle does not exceed the maximum load distribution; 2) The length of distribution route does not exceed the maximum economic driving distance; (3) Each vehicle can serve multiple customers and each customer's goods can be distributed by a vehicle ; (4) The vehicle must set out from the distribution center and return the distribution center finally; (5) Distribution lines must travle all the customers points, and the needs of all the customers point must be meet.
Ant colony algorithm to solve the vehicle routing
Ant colony algorithm is one of the intelligence algorithm to simulate the ant foraging principles. In the course of ants foraging,the shorter the path, the more the ants,and the more left of the higher concentration of pheromone, so thus gradually approaching the optimal path. Let b i (t) stand for the number of ants in the customer point at time t [5] , τ ij (t) stands for the amount of information in path (i,j) at time t, n is the scale of the problem, and m is the total number of ants in the colony, then m = ;Γ={τ ij (t)-c i ,c j ∈C} is the set residual information in set C of connection L={l ij (t)} by each other at time t.If the amount of information on each path is equal in the initial time, τ ij (0) = const, the optimization of ant colony algorithm is realized through a directed graph G=(C,L,Γ) [6] .
Genetic algorithm for the shortest path
Genetic algorithm was proposed by Professor Holland from the university of Michigan based on Darwin's theory of evolution and Mendel's theory of genetics.The algorithm is essentially a parallel global optimization algorithm [7] . There are three base factors in genetic algorithm such as: encoding, genetic operators and fitness function. The genetic algorithm is appropriate for the solving global optimization problems because of its global search ability, it is widely used in path planning [8] [9] [10] 
The hybrid algorithm to solve model
Although the ant colony algorithm has the advantages of parallel, positive feedback and strong robustness, etc., the algorithm needs a little long search time and are prone to premature stagnation, it is necessary to be improved. Taking into account the genetic algorithms has the advantages of implicit parallel search features,etc.,which can be optimized through encoding the problem parameters into the chromosome without limitations of the function constraints, the search process began with the set of the solution rather than a single individual collection, the researchers proposed the hybrid optimization method of combining the randomness, the global convergence of the genetic algorithm and the parallelism and the positive feedback of the ant colony algorithm, which would lead the copy, crossover and mutation genetic operators into the ant colony algorithm to improve the speed of convergence and global search ability [11] [12] [13] .
Ant colony algorithm steps
Ant k (k = 1,2 ,..., m) determines their transfer direction according to the amount of information on the various paths. The record of the current elements passed by the ant k is kept with the taboo table tabu k (k = 1,2, ..., m). In the search process, the ants calculate the state transition probability according to the amount of information on each path and path inspiring information , the method is as follows:
In the formula (1), allowed k = {C-tabu k } stands for the element which is to be selected next by the ant k, α is the information heuristic factor, standing for the relative importance of that trajectory, and the greater the value is , the more the ant k tend to choose the path; β is the desired heuristic factor, standing for the relative importance of visibility,and the greater the value is, the closer the state transition probability is to the greedy rules; is heuristic function, its expression is = 1/d ij , d ij is the distance between the two adjacent elements [14] . Firstly, the steps of vehicle routing problem using ant colony algorithm is as follows: Step1: set each edge pheromoneτ ij (0) = 0; Step2: set the m ants at the center of the distribution,and establish tabu, the number of cycles N c = 0; Step3: calculate , determine the next point j; Step4: judge whether the total amount of goods meet the car's maximum capacity or not ;if is meet, turn to step5, or turn to step 3; Step5: judge whether meet the time frame or not, if ET j ≤s≤LT j , then j will be set in tabu and calculate the cost of i to j, and turn to step6, or turn to step3; Step6: update the pheromone partly; Step7: judge if the list tabu is full, if is full, turn to step 8, otherwise turn to step 3; Step8: update the optimal path globally, Nc= Nc+1, and judge the termination condition, if Nc≤Ncmax, switch to step2, otherwise turn to step9; Step9: Output the optimal path and the number of vehicle.
Coding steps
Coding is the primary problem to solve the application of genetic algorithms, the researchers take the following measure: 1) Suppose there are L customers points, K vehicles, and stand for the customer points with 1~L natural number;
2) The first vehicle from the distribution center is indicated with 0, and others are indicated with L +1, L +2, ..., L + K-1;
3) Allows the same vehicle distributes several times, so when the vehicle distributes more than 2 times ,it can be indicated with L+K, L+K+1, ... that; 4) When the new vehicle starts from the distribution centers or the end of encoding, it indicates the route is end of the front vehicle, so indicates a distribution as a series codes combining with 0 and natural number [15] .
Population initialization
The specific steps of initial population generated randomly is as follows: a. Generated chromosomes randomly; b. If the chromosomes meet the requirements of preserving the node, go to c,else go to a; c. Repeat a and b until generate more than enough chromosome meeting the requirements to form initial population. What's more, the fitness function related to the genetic algorithm convergence speed and ability to find the global optimum. Let the initial population is P = {P 1 , P 2 , P 3 , ..., P k }, the size of the individual objective function value L (P k ), is the path length between each node and the fitness function formula is as follows: f(Pk)=1/L(Pk),1<k<M (2) 
Mutation operation
Genetic operators includes three basic forms such as selection, crossover and mutation. Crossover operator serves to increase population diversity of colony and prevent the algorithm's premature and stagnation. Encode and crossover the the optimal solution and sub-optimal solution after the end of each generation of the ant colony algorithm and mutate the best individual of the colony, the specific steps are as follows:
1) Suppose the two sets of codes are S1 and S2, firstly generate cross-section of the length and the starting position of cross-section randomly;
2) Find out the cross-section in S1 and S2, assuming that S1:P1|P2|P3, S2:Q1|Q2|Q3, and P2 and Q2 are the cross-sections of S1 and S2; insert Q2 into S1, locating in front of P2 , so can form a new code of cS3: P1|Q2|P2|P3;
3) Delete the duplicate code of P1, P2, P3 with Q2 in S3 to form the cross-coding S3; 4) The same method will be used to S2, and generates a new code S4; 5) Comparing the result of S1, S2, S3, S4, and choose the best two codes to save; 6) Generate the the number of variant N randomly; 7) Genearate two different natural numbers n1, n2> 1 randomly (the first could not change to ensure it act the logistics center as the starting point); 8) Reverse the code n1 and code n2 in the best individual encoding; 9) Repeat 2) and 3) n times to generate a new code S '; 10) Compare the result of S and S ', and save the more optimal solution. Introduce a new constant: ∈[0,1), ant k can generate q∈[0,1) randomly before each path choose, ant k chooses the path basing on the following formula:
When q <q0, it is the search of certainty which selecte the maximum probability path from the obtained results, and the ant will select the shortest path according to probability q 0 ; when q ≥ q0, it is the basic exploratory search in ant colony algorithm, then the ant will select the path at the probability of 1-q 0 randomly [16] . At the first of the algorithm iteration q 0 selectes a larger initial value and to a greater probability of certainty search, so as to accelerate the speed to find the local more optimal path ; in the mid-algorithm q 0 select a smaller value, increasing the probability of exploratory search to expand the search space; in the latter part of the algorithm, restores the initial value q 0 to accelerate the convergence speed [17] [18] [19] .
The design of model and experiment of hybrid algorithm
Design experiments to test the algorithm efficiency and effectiveness based on the hybrid ant colony algorithm combining of genetic algorithm. The simulation data is designed as follows: a single distribution center coordinates (14.5,13 .0), 20 customers points, 5 delivery vehicles, the maximum load is 8 tons of each delivery vehicle, the maximum travel distance is 50 km. The client coordinates and order quantity of information is displayed in Table 1 .
Algorithm parameters: the number of ants m = 12, α = 1, β = 2, ρ = 0.95, the number of iterations is 1000. Hybrid ant colony algorithm combining with genetic algorithm is used to solve vehicle scheduling problem in the process of searching optimal solution. Figure 2 shows the shortest path length, appearance occation of the optimal solution, mutation times and solution time spent and others information. , the lenth of optimal route using hybrid ant colony algorithm is 107.840 km, the best result is generated by the 285th-generation, and mutation is generated in the 987th-generation, the times of mutation is 82 with 0.405 seconds. The convergence of algorithm can be viewed in "Evolution Chart" option, the blue curve above is the average path convergence using ant colony algorithm, the red curve below is the average path convergence using hybrid ant colony algorithm, as is shown in Figure3. 
Conclusion
Discussed the vehicle scheduling problems in logistics and distribution, in-depth studied the implementation methods and procedures of the ant colony algorithm, and analyzed the advantages and disadvantages of ant colony algorithm. Proposed a hybrid genetic algorithm combining ant colony algorithm. Developed a model of the vehicle scheduling system and implied the basic test functions of the model basing on the hybrid ant colony algorithm. Example test results showed that the hybrid ant colony algorithm is faster in convergence than the common ant colony algorithm and overcome the shortcoming of local optimization and premature stagnation.
